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7KH LQWHUQDWLRQDO VDIHW\ VWDQGDUGV UHTXLUH VHYHUDO NLQGV RI H[SHULPHQWDO WHVWV LQ RUGHU WR YDOLGDWH WKH
SHUIRUPDQFHVRIDYHKLFOHXQGHUFUDVKORDGV7KHFKDVVLVLVZLGHO\LQYROYHGGXULQJDQDFFLGHQWDQGIRUWKLVUHDVRQLW
LV LPSRUWDQW WR LQYHVWLJDWH WKH FUDVKZRUWKLQHVV RI WKH VWUXFWXUH$OXPLQXP LV D FRPPRQPDWHULDO XVHG WR GHVLJQ
YHKLFOH FKDVVLV WKDQNV WR LWV SK\VLFDO DQG PHFKDQLFDO SURSHUWLHV 7KH FDSDELOLW\ RI DEVRUELQJ HQHUJ\ VWURQJO\
GHSHQGV RQ WKH SRVVLELOLW\ RI IUDFWXUH RFFXUUHQFH LQ WKHPDWHULDO )RU WKLV UHDVRQ WKH SUHGLFWLYLW\ RI )( DQDO\VLV
EHFRPHV UHOHYDQW LQRUGHU WR GHVLJQ DQGYDOLGDWH D VWUXFWXUHEHIRUH WKH H[SHULPHQWDO WHVWV )UDFWXUHSUHGLFWLRQ LQ
PHWDOPDWHULDOVKDVEHHQZLGHO\VWXGLHGDQGVHYHUDOFULWHULDKDYHEHHQGHILQHGDQGFRPSDUHGLQWKHOLWHUDWXUH>@
$FFXUDF\FRPSOH[LW\QXPEHUDQGFRVWRIWKHH[SHULPHQWDOWHVWVDUHSDUDPHWHUVWKDWYDU\GHSHQGLQJRQWKHIDLOXUH
FULWHULDVWXGLHG
,QRUGHUWRDFKLHYHDEHWWHUSUHGLFWLRQWKHPDWHULDOEHKDYLRULQWKH)($WKHH[SHULPHQWDOSKDVHLVEDVHGRQWKH
H[WUDFWLRQ RI VDPSOHV GLUHFWO\ IURP WKH FRPSRQHQWV LQYROYHG GXULQJ WKH FUDVK WHVW ,Q WKLVZD\ LW LV SRVVLEOH WR
LQFOXGHDOOWKHPDQXIDFWXULQJSURFHVVHIIHFWV'XHWRWKHOLPLWHGDUHDVDYDLODEOHRQWKHFRPSRQHQWVRQO\WHQVLOH>@
DQGVKHDU>@VSHFLPHQVKDYHEHHQFRQVLGHUHGLQWKHSUHVHQWHGVWXG\7KHIUDFWXUHSUHGLFWLRQIRUFRPSUHVVLRQDQG
PL[LQJVWUHVVVWUDLQVWDWHVKDVEHHQVXSSRVHGXVLQJWKHDQDO\WLFDOIXQFWLRQVSURYLGHGE\WKHIDLOXUHFULWHULDFKRVHQ
$V LWZLOOEH VKRZQ LQ WKHSDSHUGLIIHUHQW IRUPXODWLRQVKDYHEHHQXVHG WRGHILQH WKH IUDFWXUH ORFXVRI WKHDOOR\V
VWXGLHG,WLVSRVVLEOHWRVXSSRVHWKHPDQXIDFWXULQJSURFHVVFRXOGDIIHFWWKHPDWHULDOSURSHUWLHVPRUHWKDQH[SHFWHG
WKHVDPSOHVH[WUDFWLRQSKDVHIURPWKHFRPSRQHQWVDOORZVIRU WKHFRQVLGHUDWLRQRIDQ\UHVLGXDOSODVWLFVWUDLQV LQWR
WKH PDWHULDO  )XUWKHUPRUH WKH H[WUXVLRQ SURFHVV PD\ FDXVH DQ DQLVRWURS\ HIIHFW LQWR WKH PDWHULDO $ VSHFLILF
PDWHULDOFDUGLQFOXGHGLQ$OWDLU5DGLRVVH[SOLFLWFRGHKDVEHHQWXQHGWRGHILQHWKHDQLVRWURS\RIWKHPDWHULDO>@
7KLVZRUN UHSUHVHQWV WKH LQLWLDOL]DWLRQ RI D ZLGH DFWLYLW\ GHDOLQJZLWK WKH )(PRGHOV SUHGLFWLYLW\ )RU D ILUVW
DSSURDFKWKHVLGHSROHFUDVKKDVEHHQFRQVLGHUHGDVWHVWFDVH7KHGRRUVLOOVWKHWXQQHODQGWKHUHDUVLOOVWUDQVYHUVH
DUH WKH PDLQ FRPSRQHQWV LQYROYHG GXULQJ WKLV WHVW DQG IRU WKLV UHDVRQ WKH\ KDYH EHHQ XVHG IRU WKH VSHFLPHQV
H[WUDFWLRQ,WLVQHFHVVDU\WRVSHFLI\WKDWWKLVPHWKRGRORJ\PD\EHDGRSWHGIRUGLIIHUHQWFDVHVFDVWLQJDQGODPLQDWHG
FRPSRQHQWVPD\EHDVVHVVHGDVZHOO,QSDUWLFXODUIRUFDVWLQJFRPSRQHQWVLWLVHQRXJKWRVHWLVRWURSLFSDUDPHWHUV
LQWKHPDWHULDOFDUG
0HWKRGVDQGUHVXOWV
7KHVLGHSROHFUDVKKDVEHHQXVHGDVWHVWFDVHIRUDILUVWDSSURDFK7KHDOXPLQXPDOOR\VVWXGLHGFRPHIURPWKH
PDLQFKDVVLVFRPSRQHQWVLQYROYHGGXULQJWKHWHVW7GRRUVLOOV7ERWWRPVLOOVWUDQVYHUVHDQGWXQQHO
$7WRSVLOOVWUDQVYHUVHDVVKRZQLQ)LJ7KHVSHFLPHQVKDYHEHHQGLUHFWO\H[WUDFWHGIURPWKHFRPSRQHQWV
GHSHQGLQJ RQ WKH VSDFH DYDLODELOLW\ DV UHSUHVHQWHG LQ )LJ  6LQFH WKH\ KDYH EHHQ REWDLQHG E\ WKH H[WUXVLRQ
PDQXIDFWXULQJSURFHVV WHQVLOHDQGKDYHEHHQFXW LQRUGHU WRHYDOXDWH WKHDQLVRWURS\VHH)LJ,Q WKH
FDVHLQZKLFKLWZDVQRWSRVVLEOHWRH[WUDFWWHQVLOHDQGDVZHOODQ\DQLVRWURS\LQYHVWLJDWLRQKDVEHHQGRQH
DQGDQLVRWURSLFPDWHULDOFDUGKDVEHHQGHILQHG
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OLPLWHGWUDQVYHUVDOVL]HRIWKHFRPSRQHQWVRQO\WKHVSHFLPHQVUHVSHFWWKHGLPHQVLRQVXJJHVWHGE\WKHVWDQGDUGV
,QRUGHU WRXVHWKHWHQVLOH WHVWLQJPDFKLQHIRUERWKWKHWHQVLOHDQGWKHVKHDU WHVWV WKHVKHDUVSHFLPHQVGLPHQVLRQV
IROORZWKHVWDQGDUG)URPWKH)RUFH±'LVSODFHPHQWFXUYHRIWKHWHQVLOHWHVWWKH(QJLQHHULQJ6WUHVV6WUDLQFXUYH
KDVEHHQFDOFXODWHG)LJVKRZVWKHZLGHGLVSHUVLRQRIWKHH[SHULPHQWDOUHVXOWVRIWKHWHQVLOHWHVWV&XWWLQJWKH
VSHFLPHQV IURPGLIIHUHQW IDFHVDQGSRVLWLRQRI WKHH[WUXGHGSDUW LW LVSRVVLEOH WRREVHUYHKRZWKHPDQXIDFWXULQJ
SURFHVVPD\GLIIHUHQWO\DIIHFWWKHPDWHULDOFKDUDFWHULVWLFV
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7KHVHFXUYHVGRQRW WDNHLQWRDFFRXQW WKHUHDO WUHQGRI WKHVWUHVVGXULQJ WKHQHFNLQJSKDVH7KHUHIRUH(T
KDYH EHHQ XVHG WR HVWLPDWH WKH 7UXH 6WUHVV6WUDLQ FXUYH RI WKH WHQVLOH  WHVW XS WR WKH PD[LPXP IRUFH
FRUUHVSRQGLQJWRWKHQHFNLQJSRLQW
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7KHQHFNLQJSRLQWKDVEHHQGHWHUPLQHGDFFRUGLQJWR(T
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$IWHUWKHQHFNLQJSRLQWWKHWUXHV H WUHQGKDVEHHQHVWLPDWHGXVLQJD)($LWHUDWLYHSURFHVV)LJVKRZVWKH
OLPLWVXVHGWRGHILQHWKLVWUHQGWKHORZHUERXQGOLPLWGHILQHGE\DQXOOVORSHDQGWKHXSSHUERXQGOLPLWGHILQHGE\
WKHODVWVORSHRIWKHFXUYHEHIRUHWKHQHFNLQJSRLQW7KHFRUUHODWLRQKDVEHHQFDUULHGRQXVLQJDPPPHVKVL]HIRU
WKH)(PRGHOV,QIDFWLWLVLPSRUWDQWWRDFFXUDWHO\UHDGWKHVWUHVVDQGWKHVWUDLQLQWKHPDWHULDO$VWXG\RIWKHPHVK
VL]H HIIHFW LV SURSRVHG DW WKH HQG RI WKH FKDSWHU 7KH H[SHULPHQWDO )RUFH ±'LVSODFHPHQW FXUYH KDV EHHQ ILWWHG
VXSSRVLQJWKHWUHQGRIWKHWUXHVWUHVVVWUDLQFXUYHLQWKH5DGLRVVPDWHULDOFDUG7RUHVSHFWWKHSK\VLFDOEHKDYLRURI
WKHPHWDODQLQFUHDVLQJWUHQGPXVWEHXVHG)LJVKRZVWKH7FRUUHODWLRQXVLQJIRUH[DPSOHRQO\WZRSRLQWV
KHQFHWZRVWUDLJKWOLQHVZLWKLQFUHDVLQJVORSH
7KHWUXHVWUHVVVWUDLQFXUYHRIWKHWHQVLOHWHVWKDVEHHQXVHGWRVHWWKH+LOO¶VODZ>@5DGLRVV/$:+LOO
GHILQHGIRUWKHDQLVRWURSLFEHKDYLRUD\LHOGVXUIDFHDVIROORZLQJ
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SDUDOOHOWRWKHWKUHHSODQHVRIDQLVRWURS\(TFDQEHVLPSOLILHGXVLQJWKHDVVXPSWLRQRISODQHVWUHVV

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7KHFRHIILFLHQWV iA DUHGHWHUPLQHGXVLQJ/DQNIRUG¶VDQLVRWURS\SDUDPHWHU rD 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
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)LJ'HILQLWLRQRIWKHSRVWQHFNLQJWUHQGRIWKH5DGLRVVPDWHULDOFDUG

7KH/DQNIRUGSDUDPHWHUVFDQEHVHWLQRUGHUWRREWDLQWKHVSHFLPHQFRUUHODWLRQLQWHUPVRIORDGV,QIDFW+LOO¶V
FULWHULRQGRHVQRW FRQVLGHU WKHDQLVRWURS\HIIHFWVRQ WKHVWUDLQ7KH/DQNIRUGSDUDPHWHUVGHILQHG IRU WKHPDWHULDO
VWXGLHGDUHOLVWHGLQ7DE$VVKRZQIRUWKH$7WKHLVRWURSLFFRQGLWLRQKDVEHHQVHWQRVSHFLPHQVLQDQG
ZHUHFXWGXHWRWKHOLPLWHGVSDFHDYDLODEOHRQWKHFRPSRQHQW
'XHWRWKHFRPSOH[LW\RI(TD'HVLJQ2I([SHULPHQWVKDVEHHQSHUIRUPHGWRVXSSRUWWKH)RUFH'LVSODFHPHQW
ILWWLQJ'R(DOORZVWKHVDPSOHRIWKHGHVLJQGRPDLQDQGDOVRWKHHVWLPDWLRQRIWKHLQIOXHQFHDQGLQWHUDFWLRQVRIWKH
YDULDEOHVRQWKHFRQWUROOHGUHVSRQVHV$IXOOIDFWRULDOPHWKRGKDVEHHQXVHGLPSRVLQJWKHFRHIILFLHQWVܣ௜DVYDULDEOHV
DQGWKH/DQNIRUGSDUDPHWHUVDVUHVSRQVHV7KLVSUHOLPLQDU\VFUHHQLQJKDVEHHQXVHIXOWRGHWHUPLQHDUHOLDEOHVHWRI
VROXWLRQLQWHUPVRIPDWHULDOFRHIILFLHQWVܣ௜)LJVKRZVWKHUHVXOWVRIWKH7DIWHUWXQLQJWKH+LOO¶VPDWHULDO
FDUG ,W LV SRVVLEOH WR QRWLFH WKH VORSHV LQ WHQVLOH  DQG VKHDU DUH GLIIHUHQW EHWZHHQ QXPHULFDO DQG
H[SHULPHQWDO 7KLV LV GXH WR D ODFN RI D VXLWDEOH H[WHQVRPHWHU GXULQJ WKH H[SHULPHQWDO WHVWV IRU WKLV NLQG RI
VSHFLPHQV+RZHYHUWKHIDLOXUHFULWHULDXVHGGRQRWFRQVLGHUWKHDQLVRWURS\HIIHFW+HQFHWKHHTXLYDOHQWVWUDLQWR
IDLOXUHLQWHQVLOHDIIHFWVWKHDQGFDVHVDVZHOOWKHFRUUHODWLRQLQWHUPVRIGLVSODFHPHQWVLVQRWUHTXLUHG
)XUWKHUK\SRWKHVLVIRUWKHGLVSODFHPHQWVFRUUHODWLRQDUHH[SODLQHGLQWKHQH[WSDUWVRIWKHSDSHU
7DEOH/DQNIRUGSDUDPHWHUVIRU77DQG$7
  r   r   r 
7   
7   
$7   

7KHIROORZLQJSKDVHGHDOVZLWKWKHILWWLQJRIWKHORDGGURS$IDLOXUHFDUGKDVEHHQDGGHGWRFRQVLGHUWKHVKHOO
HOHPHQWVGHOHWLQJDFFRUGLQJWRWKHIUDFWXUHFULWHULD,QWKLVZRUNWZRGLIIHUHQWIDLOXUHPRGHOVKDYHEHHQFRQVLGHUHG
%DR:LHU]ELFNL>@DQG-RKQVRQ&RRN>@IDLOXUHPRGHOV7KHVHFULWHULDGHILQHWKHWUHQGRIWKHHTXLYDOHQWVWUDLQWR
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ZKHUH IV  IIV  DQG IIIV DUH WKH SULQFLSDO VWUHVV DQG  VMV LV WKH 9RQ0LVHV VWUHVV D  D  D  a  b DUH WKH
PDWHULDOFRQVWDQWV,QWKH-&HTXDWLRQQRWHPSHUDWXUHDQGVWUDLQUDWHHIIHFWKDYHEHHQFRQVLGHUHG
7KHPD[LPXPGLVSODFHPHQWVUHDFKHGGXULQJWKHH[SHULPHQWDOWHVWVKDYHEHHQXVHGWRGHILQHWKHHTXLYDOHQWVWUDLQ
WRIDLOXUHRIWKHIUDFWXUHPRGHOVUXQQLQJWKH)(PRGHOVRIWHQVLOHDQGVKHDUZLWKRXWDIDLOXUHFDUGLWLVSRVVLEOH
WRUHDG WKHHOHPHQWVHTXLYDOHQWVWUDLQVDW WKH LQVWDQWZKHQ WKH ORDGGURSVKRXOGRFFXU7KLVVWUDLQYDOXHKDVEHHQ
XVHGWRGHILQHWKHIDLOXUHVWUDLQWXQLQJWKH-&DQG%:FRQVWDQWV7KHFKRLFHRIWKHIDLOXUHPRGHOKDVEHHQPDGH
GHSHQGLQJ RQ WKH IDLOXUH OLPLWV GHILQHG ,Q IDFW -&PRGHO VKRZV D GHFUHDVLQJ WUHQG RI WKH HTXLYDOHQW VWUDLQ WR
IUDFWXUHZKLOH%:LV UHSUHVHQWHGE\KLJKHU OLPLW LQ WHQVLOH WKDQ LQVKHDU&RQFHUQLQJ WKHFRPSUHVVLRQ OLPLW WKH
WUHQGKDVEHHQVXSSRVHGSURYLGLQJYHU\KLJKYDOXHVRIVWUDLQOLPLWV

x  B Bf tensile f shearH H Æ-&IDLOXUHPRGHO)LJ
x  B Bf tensile f shearH H! Æ%:IDLOXUHPRGHO)LJ
,Q WKH IROORZLQJSLFWXUHV )LJ  LW LV SRVVLEOH WR REVHUYH WKH VWUHVV WULD[LDOLW\ DQG WKH HTXLYDOHQW VWUDLQ WR
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IDLOXUH LQ WKH)(VDPSOHV2QWKH OHIW LVVKRZQWKHUXQZLWKRXWIDLOXUHFDUGQRUXSWXUHVRFFXUDQG WKHHTXLYDOHQW
VWUDLQ WR IDLOXUHKDVEHHQ H[WUDFWHG DFFRUGLQJ WR WKH H[SHULPHQWDO GDWD7KHSLFWXUHV DOVR VKRZ WKHGLIIHUHQFHV LQ
WHUPV RI IDLOXUH RQ WKH ULJKW ,Q WKH 7 VKHDU VDPSOH WKH FUDFN IRUPDWLRQ RFFXUV FORVH WR WKH HGJH RI WKH
FHQWUDOVHFWLRQKLJKWULD[LDOLW\VWDWH,QIDFWXVLQJD-&PRGHOWKHWHQVLOHVWUDLQWRIDLOXUHLVORZHUWKDQWKHVKHDU
RQH


)LJ7-&IDLOXUHPRGHO


)LJ7%:IDLOXUHPRGHO
7KHQXPHULFDO)RUFH'LVSODFHPHQWFXUYHVKDYHEHHQFRPSDUHGZLWKWKHH[SHULPHQWDORQHV)RULQVWDQFH)LJ
VKRZVWKHFRPSDULVRQIRUWKH7DOOR\,QWKHFDVHRIWKHWHQVLOHWHVWVRQO\RQHFXUYHZDVWDNHQDVUHIHUHQFH
IRUWKHFRUUHODWLRQGXHWRWKHGLIIHUHQWWKLFNQHVVHVRIWKHVDPSOHVWHVWHG7KHORDGDQGWKHPD[LPXPGLVSODFHPHQWV
DUHZHOOSUHGLFWHG&RQFHUQLQJ WKH WHQVLOHDQGFDVHVRQO\ WKH ORDGFDQEH ILWWHG DVH[SODLQHGEHIRUH WKH
IUDFWXUHFULWHULDGRHVQRWFRQVLGHUWKHDQLVRWURS\HIIHFW7KHFRPSDULVRQRIWKHVKHDUWHVWVKRZVGLIIHUHQFHVLQWHUPV
RIERWKIRUFHVDQGGLVSODFHPHQWV,QSDUWLFXODUWKHIRUFHVKDYHEHHQXQGHUHVWLPDWHGDQGWKHPD[LPXPGLVSODFHPHQW
KDVEHHQRYHUHVWLPDWHG6LQFHWKHH[WHQVRPHWHUZDVQRWVXLWDEOHRQWKHVKHDUVDPSOHVWKHPHDVXUHPHQWVKDYHEHHQ
24   Luca Cavazzoni et al. /  Procedia Engineering  109 ( 2015 )  17 – 26 
GLUHFWO\SHUIRUPHGE\WKHFURVVEDURIWKHWHQVLOHPDFKLQHWKLVH[SODLQVWKHVWLIIQHVVGLIIHUHQFHLQWKHILUVWSDUWRI
WKHFXUYH


)LJOHIW7ULD[LDOLW\VWUHVVLQWKHVKHDUWHVWVD7ZLWKRXWIDLOXUHE7ZLWKIDLOXUHF7ZLWKRXWIDLOXUH
G7ZLWKIDLOXUHULJKW(TXLYDOHQWVWUDLQLQWKHVKHDUWHVWVH7ZLWKRXWIDLOXUHI7ZLWKIDLOXUHJ7ZLWKRXWIDLOXUH
K7ZLWKIDLOXUH

)LJOHIW7ULD[LDOLW\VWUHVVLQWKHWHQVLOHWHVWVD7ZLWKRXWIDLOXUHE7ZLWKIDLOXUHF7ZLWKRXWIDLOXUH
G7ZLWKIDLOXUHULJKW(TXLYDOHQWVWUDLQLQWKHWHQVLOHWHVWVH7ZLWKRXWIDLOXUHI7ZLWKIDLOXUHJ7ZLWKRXWIDLOXUH
K7ZLWKIDLOXUH
$VDOUHDG\PHQWLRQHGDPPPHVKVL]HKDVEHHQXVHGLQWKHLQLWLDOFRUUHODWLRQWREHWWHUFDOFXODWHWKHVWUHVVDQG
VWUDLQ YDOXHV LQ)($ ,Q D IXOO YHKLFOHPRGHO D FRDUVHPHVKVL]H LV QHHGHG WR UHGXFH WKH FRPSXWDWLRQDO WLPH 
PP7RREWDLQFRKHUHQW UHVXOWVEHWZHHQDPPDQGDPPPHVKVL]HVPRGHO LW LVQHFHVVDU\ WRGHILQHD
PHVKVFDOLQJIXQFWLRQ7KHVFDOLQJIDFWRUGLUHFWO\DIIHFWVWKHIDLOXUHIXQFWLRQWKHJUHDWHU LV WKHPHVKVL]HDQGWKH
ORZHULVWKHVFDOLQJIDFWRU7KHWHQVLOHVSHFLPHQKDVEHHQPRGHOHGZLWKGLIIHUHQWPHVKVL]HV,Q)LJLVVKRZQ
WKHPHVKVFDOLQJIXQFWLRQRIWKH7DOOR\,QJHQHUDOLWYDULHVGHSHQGLQJRQWKHPDWHULDOVWXGLHG
&RQFOXVLRQV
7KLV SDSHU DLPV DW GHILQLQJ D PHWKRGRORJ\ LQ RUGHU WR SUHGLFW WKH DOXPLQXP IDLOXUH LQ DXWRPRWLYH FUDVK
DSSOLFDWLRQV7KHDFWLYLW\KDVEHHQGHYHORSHGLQFROODERUDWLRQZLWK)HUUDUL6SDDQGLWLVDSUHOLPLQDU\SKDVHRID
ZLGHSURMHFWWKDWDLPVDWUHILQLQJWKH)(PRGHOVXVHGLQFUDVKDQDO\VLV
3UHGLFWLYLW\ LQ WKH IDLOXUHRI WKHDOXPLQXPDOOR\VXVXDOO\ UHTXLUHVDKXJHDQGGHWDLOHGH[SHULPHQWDOFDPSDLJQ
7KHSUHVHQWZRUN WULHV WRSURYLGH D VLPSOLILHGPHWKRGRORJ\EDVHGRQ D OLPLWHGQXPEHURI H[SHULPHQWDO WHVWV ,Q
H[WUDFWLQJWKHVSHFLPHQGLUHFWO\IURPWKHILQDOFRPSRQHQWVLWLVSRVVLEOHWRFRQVLGHUWKHPDQXIDFWXULQJHIIHFWGXULQJ
WKHFRUUHODWLRQV,WKDVEHHQDOVRQRWLFHGWKDWH[WUXGHGFRPSRQHQWVPDGHE\WKHVDPHDOXPLQXPDOOR\EXWVXEMHFWHG
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WRGLIIHUHQW H[WUXVLRQPDWUL[ VKRZGLIIHUHQWPHFKDQLFDOSURSHUWLHV7KHUHIRUHGXULQJ WKHQXPHULFDO FRUUHODWLRQ LW
FRXOGEHQHFHVVDU\WRGHILQHDVSHFLILFPDWHULDOFDUGIRUHDFKFRPSRQHQWDQGQRWRQO\IRUWKHDOXPLQXPDOOR\FODVV


)LJ&RUUHODWLRQUHVXOWVRI7DOOR\


)LJ'HILQLWLRQRIWKHPHVKVFDOLQJIXQFWLRQRQWKHWHQVLOHWHVW
'XHWRWKHOLPLWHGGLPHQVLRQVRIWKHFKDVVLVFRPSRQHQWVRQO\WZRNLQGVRIWHVWKDYHEHHQWDNHQLQWRDFFRXQW
8QLD[LDO WHQVLOH WHVW DQG VKHDU WHVW KDYH EHHQ SHUIRUPHG LQ RUGHU WR GHWHUPLQDWH WKH HTXLYDOHQW VWUDLQ WR IDLOXUH
'HSHQGLQJRQWKHWHVWUHVXOWVDIDLOXUHFULWHULRQKDVEHHQFKRVHQWRGHILQHWKHIUDFWXUHORFXVFXUYH8VLQJWKH-&
DQGWKH%:HTXDWLRQVLWKDVEHHQSRVVLEOHWRVXSSRVHWKHZKROHIUDFWXUHORFXVSODQHPL[LQJVWDWHOLPLWVKDYHEHHQ
GHWHUPLQHG IROORZLQJ WKH WUHQG RI WKH IXQFWLRQV JLYHQ E\ WKH IDLOXUH FULWHULD DQG WKH FRPSUHVVLRQ OLPLW KDV EHHQ
K\SRWKHVL]HG%\FXWWLQJXQLD[LDOVSHFLPHQVLQDQGLWKDVEHHQSRVVLEOHWRLQFOXGHWKHDQLVRWURS\RIWKH
PDWHULDOLQWKH)(DQDO\VLVDVZHOO
7KH)(DQDO\VHVRQVDPSOHVKDYHEHHQSHUIRUPHGZLWKDPHVKVL]HRIPPDQG-&DQG%:IDLOXUHFULWHULD
KDYH EHHQQXPHULFDOO\ YDOLGDWHG%RWK FULWHULD DUH SRWHQWLDOO\ FRQYHQLHQW IRU QXPHULFDO VLPXODWLRQ LQ DXWRPRWLYH
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ILHOGDOVREHFDXVH WKH\DUH LQWHJUDWHG LQ WKHPRVWRI WKHH[SOLFLW VROYHUV7KHVXJJHVWHGPHWKRGRORJ\ WKDQNV WRD
GHILQLWLRQRIDPHVKVFDOLQJIXQFWLRQLVPHVKVL]HLQGHSHQGHQWDQGLWFRXOGEHDSSOLHGWRWKH)XOO9HKLFOHPRGHOV
WKDWXVXDOO\SUHVHQWDPHGLXPPHVKVL]HJUHDWHUWKDQPP7KHPHVKVL]HHIIHFWKDVEHHQHYDOXDWHGRQWKHWHQVLOH
 WHVW+RZHYHUDQLQWHUPHGLDWHSKDVHEHWZHHQWKHVDPSOHVFRUUHODWLRQDQGWKH)XOO9HKLFOHYDOLGDWLRQFRXOGEH
QHFHVVDU\WKHYDOLGDWLRQRIWKHPHVKVFDOLQJIXQFWLRQRQDVLQJOHFRPSRQHQWDOORZVDIXUWKHULQYHVWLJDWLRQRQLW
7KHPHWKRGRORJ\FDQEHH[WHQGHGDOVRWRRWKHUFODVVRISDUWRIWKHFKDVVLV3ODWHVXVXDOO\VKRZDQLVRWURS\GXHWR
WKHODPLQDWLQJSURFHVV)XUWKHUPRUHPRYLQJWRDQLVRWURSLFPDWHULDOFDUGLW LVSRVVLEOHWRVWXG\WKHFRUUHODWLRQRI
FDVWLQJV )XWXUH GHYHORSPHQWV GHDO ZLWK WKH PRGHOLQJ RI WKH UHVLGXDO SODVWLF VWUDLQ DIWHU PDQXIDFWXULQJ DQG WKH
DXWRPDWL]DWLRQRIWKHFRUUHODWLRQSURFHVVE\XVLQJRSWLPL]DWLRQWHFKQLTXHV
$FNQRZOHGJHPHQWV
$FNQRZOHGJPHQWV WR )HUUDUL 6SD DQG LQ SDUWLFXODU WR (QJ $QGUHD0HUXOOD DQG (QJ /XFD '¶$JRVWLQR IRU
VXSSRUWLQJWKHUHVHDUFKDFWLYLW\
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